A study was undertaken to develop an appropriate plan of land use under suitable slope gradient to control soil erosion from a red soil hilly watershed of southern China by using the GeoWEPP (Geo-spatial Interface for the Water Erosion Prediction Project) model. The model was calibrated and validated using monitoring data of the outlet from 2010 to 2012, in which the 2010 and 2012 annual total runoff and sediment yield data were used for calibration, and the 2011 monthly runoff and sediment yield data for validation. The performance of the model in validation period were good with a high coefficient of determination values of 0.98 and 0.93 and Nash-Sutcliffe simulations of 0.96 and 0.91 while low root mean square error values of 6.91 mm and 0.35 t respectively for runoff and sediment yield. Subsequently, the model was used to simulate four typical land use (forest, farm, orchard, and fallow land) in the study area to evaluate their impacts on soil erosion production. The results showed that the runoff decreased by 44.7% and 61.1% for forest and orchard land compared to the current land use, as well as the sediment yield
decreased by 43 .7% and 68.6%. While the runoff and sediment yield increased by 52.2% and 42.6% for farm land, and 48.8% and 29.6% for fallow land. As the same time, soil erosion increased with increasing of the slope gradient of the quadratic regression equation for all land use. The critical slope gradient of 15° for returning the farmland to forest or others is suitable in the red soil region but is not accurate. The result of the study provides good scientific evidence for developing an appropriate plan of land use in the watershed and other similar areas.
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Introduction
Soil erosion has been a common global environmental problem, significantly threatening the sustainable development of economy and society. Water erosion is the main cause of soil degradation [1] . Land use is one of the most important factors influencing soil erosion because of its effects on variations in surface roughness, the organic content of soil, the soil structure and infiltration rate and the hydraulic connectivity within a catchment, all of which make important contributions to the spatial and temporal dynamics of hillslope hydrology and sediment production, transport and delivery to rivers [2] [3] [4] .
Since the Second World War, vast amounts of landscape has changed and the original landscape structure has been almost completely modified by natural evolution or human activities [5] . Many studies have discussed the effects of land use change on hydrology and sediment yield at longer temporal and greater spatial scales [6] [7] [8] . The Chinese government paid more attention to programs about land use management which were carried out in the last decades. Shi et al. [9] , for example, evaluated the impacts of Integrated Small Watershed Management (ISWM) project on soil erosion and sediment delivery in the Three Gorges Area, which showed that a combination of decreased soil loss (from 18.5 t·ha ) has led to a strong decrease in sediment yield and the sediment delivery ratio. A study by Deng et al. [10] assessing the "Grain-to-Green" Program's effects showed the runoff and soil erosion significantly decreased while producing ecological benefits across the country, which provides lot of experience and lessons for future land use renovation and planning.
The assessments proved the importance of land use for soil erosion and the active effects of government land use management projects but reflected some deficiencies at the same time [9, 11] . The Chinese central government implemented the "Grain-for-Green" Program in 1999 to reduce soil erosion, of which the designers adopted slope gradient limits of 25° and 15° for southwest and northwest area respectively, as one of the main criteria to determine whether farmlands of an area changed to forest or grass land. However, many studies showed the soil erosion of farmland at smaller gradients had been very serious in most purple hilly area of southern China [12, 13] , which reflected that the slope gradient limits of the "Grain-for-Green" Program were not generally applicable.
Slope gradient as a topography factor also plays an important role on impacting soil erosion intensity [14, 15] . It is necessary to understand the relationship between slope gradient and soil erosion for rational planning of land use in a catchment, particularly in hilly areas. In the last few years, many researchers have studied the relationship between slope gradient and soil erosion by field runoff plots or simulated experiments, and some expressions have been established [16] [17] [18] . However, most of these studies were conducted under simple conditions, slight gradients or steep gradient conditions [19] [20] [21] .
More importantly, what the equation calculated was usually with bare land or no distinction of land use patterns, which cannot disclose applicable situations of the equations [22] [23] [24] .
The objective of this research is to establish the equations of the relationship between slope gradient and soil erosion under different land use for providing simple, practical and accurate manners to decide where and how sites' land use can be changed in soil conservation planning. To fulfill our objectives, we combined a soil erosion model, the GeoWEPP model, to simulate several scenarios of different land use in a typical red soil hilly watershed of southern China. The specific objectives are to (1) investigate the performance of the model for runoff and soil loss prediction in the study area; (2) assess the impacts of runoff and soil erosion on land use by simulation; and (3) establish expressions of slope gradient factor and soil erosion under different land use types.
Model Introduction
The GeoWEPP model, a spatial interface for the Water Erosion Prediction Project (WEPP), utilizes digital geo-referenced information such as digital elevation models (DEM) and topographical maps to derive and prepare valid model input parameters and defaults to start site-specific soil and water conservation planning for a small watershed [25, 26] . It was chosen for its ability of predicting distributed soil erosion of a watershed [27] [28] [29] . In addition, the WEPP and GeoWEPP models have been used successfully for predicting runoff and soil loss from hillslopes and catchments all over the world [30, 31] and have been applied widely to analysis of land use and management practices on water and soil conservation [32, 33] .
WEPP Model
WEPP is a process-based, semi-distributed parameter, continuous model composed of two different versions: hillslope and watershed [34] . The hillslope version has several components including weather generation, winter processes, irrigation, infiltration, overland flow hydraulics, water balance, plant growth, residue decomposition, soil parameters and hillslope erosion and deposition processes. Then, the watershed version added three components including watershed channel hydrology, channel erosion processes and impoundment components.
Climate input can be generated by the Climate Generator (CLIGEN) and Breakpoint Climate Data Generator (BPCDG), of which the CLIGEN could generate daily precipitation. While the latter one used rainfall patterns for each storm, only the second solution allows for taking into account several storms in a day (or a complex storm with several rainfall intensity peaks) [35] . The surface hydrology and water balance routines use information on weather, vegetation and cultural practice, and maintain a continuous balance of the soil water on a daily basis. Infiltration is computed using the Green-Ampt Mein-Larson equation.
Watershed sediment yield is calculated from both hillslope areas and channel areas as a result of detachment, transport and deposition of sediment [36] . Soil erosion process of hillslope in WEPP is divided into rill flow and interrill mechanisms like many other soil erosion models, while interrill erodibility is a measure of how well a soil can resist detachment by raindrop impact and rill erodibility represents a soil's resistance to detachment by concentrated rill flow [36] . The final soil loss volume is thus dependent on the selected method for calculating the peak runoff rate.
GeoWEPP Model
GeoWEPP includes three parts: ArcView project, Topographic Parameterization tool (TOPAZ) and Topwepp software [25] . Its fundamental processes are as follows:
Firstly, the digital elevation map (DEM), land use and soil distribution map through use of the function of spatial analysis in ArcGIS is established; Secondly, the DEM data is analyzed to form a channel network and then the outlet for the watershed of interest is set. Next, the watershed boundary and sub-catchment areas that are contributed to the channels is derived by TOPAZ;
Finally, the parameters of soil and land cover in the sub-catchments under TopWEPP are input, which uses grid-based information stored in the raster layers of soil and land cover type. Then, each grid cell within a given hillslope will have a specific land cover and soil type, and the program will be run to obtain the simulation results.
Materials and Methods

Study Area
The Zuoma watershed, which is the focus of this study, is located in the southern of Jiangxi Province, China (Figure 1 ), and has an area of 3.2 km 2 . The watershed area is characterized by hilly topography, with elevation ranging from 119-247 m above sea level. The climate is subtropical monsoon, with an average annual precipitation of 1507 mm. Nearly 47% of annual precipitation occurs during April to June when heavy storms occasionally take place. Red soil is the main soil type of the area, where erosion problems are serious. The major land use depends upon the forest of Masson pine accounting for 77%, the second is farming land that accounts for 12%. The watershed has the only outlet, and a station was established for monitoring runoff and sediment yield of the watershed in 2010, which is situated in 115°24′09″ E longitude and 25°55′19″ N latitude. A continuous-recording water level stage recorder was used to record streamflow, the water stage was measured every 15 min and then transformed into runoff by means of the calibrated rating curve obtained through periodic flow measurements. While a silt sampler (bottle) was used to record sediment flow: (1) the suspended sediment samples were taken every 15 min during rainfall event; (2) the sample was oven dried at 105 °C for 24 h, and the suspended sediment concentration was calculated using the residue weight and the sample volume; (3) the sediment yield of each rainfall event was calculated from the concentration and runoff value.
The Model Application
Model Inputs
In this study, the GeoWEPP model requires three graphs including a digital elevation map (DEM), land use map and soil distribution map, all of which are raster files ( Figure 2 ). The DEM is download from Data Sharing Infrastructure of Earth System Science (http://www.geodata.cn/) with 30 m resolution. The land use map is drawn up based on remote sensing image and field interpretation by ArcGIS 10.1. The soil distribution is based on field investigation and analysis results of soil samples which were collected from 20 sites in the watershed (seven were dominated by forest, seven by orchards, three by shrub and three by farm), then the soil was divided into five main types and a cement (road) and mapped by using ArcGIS. All attributes of the three graphs must be consistent. For predicting soil erosion, it is necessary to supply more data files used by the model, which are soil property file, plant and management file and climate file.
The soil file (.sol) was built through soil file builder within the WEPP interface. Soil basic characteristics, such as percent of sand, silt, clay, organic matter, rock fragment fraction, and cation exchange capacity (CEC) were obtained from the measured data in the study area. Albedo was estimated by Baumer's formula as suggested in the WEPP model. The initial saturation level was instead of average water content of January. Other soil characteristics, such as the rill and interill erodibility, the critical shear for flow hydraulic, and effective hydraulic conductivity of surface soil were internally calculated by formulas suggested in WEPP [35] . Table 1 shows the mean properties of five soil types in the soil map. The plant and management parameter file (.rot) includes plant parameters, tillage sequences and tillage implement parameters, plant and residue management, initial conditions, contouring, subsurface drainage and crop rotations. According to land use and the characteristics of local crops combined with mass survey and historical data, ten plant and management parameter files in WEPP were used and some parameters were adjusted to fit measured plant characteristics such as height, cover percentage, or leaf area index cover, and tillage implement parameters.
Finally, the climate file (.cli) was generated by using the CLIGEN model. Firstly, a GDS format file of GANZHOU weather station was downloaded from Agricultural Research Service (http://hydrolab.arsusda.gov/nicks/nicks.htm), which is the nearest international weather station to the study area. Then, a similar US station was searched for using the GDS format file to develop the CLIGEN parameter file. Finally, 1970-2013 daily data was loaded, which includes daily rainfall, the highest temperature and the lowest temperature. The climate file was then produced.
Model Calibration and Validation
Calibration and sensitivity analysis of the model is necessary for assessing the rationality of the model and identifying input parameters [37] . The measured yearly runoff and sediment yield of 2010 and 2012 were used to sensitivity analysis and calibrate, and the measured monthly data of 2011 were used for validation. With the results of previous studies [38, 39] , the calibration process focused mainly on input parameters included interrill erodibility and effective hydraulic conductivity of soil properties and leaf area index and cover percentage of plant parameters to ensure the absolute errors of simulated values and measured values not more than 15%. All the measured data used in this study are displayed in Table 2 .
To evaluate the prediction performances of the model, the basis of test criteria recommended by the ASCE Task Committee [40] and graphical performances criteria suggested by Haan [41] were used. While a group measures include the coefficient of residual mass (CRM), the coefficient of determination (R 2 ), root mean square error (RMSE), Nash-Sutcliffe efficiency (ENS) [42] and modified Nash-Sutcliffe efficiency (MENS) [43] are also used as goodness-of-fit criterions, which can indicate over-or under-prediction for each sample and total value [44] . The descriptions of these measures are shown in Table 3 . 
Scenarios Analysis for Simulation
To understand the effects of different land use on soil erosion in the red soil region, the GeoWEPP model was run for the following four theoretic scenarios of the study watershed, which are under a single land use type: S1 (scenario1): forest land S2 (scenario2): farm land S3 (scenario3): orchard land S4 (scenario4): fallow land All of the land use types are typical and generally applicable in the watershed and other regions of the red soil. For controlling the influence of soil distribution, the mean volume of soil properties (Table1) was used as the soil input parameters of the whole watershed for all simulation scenarios.
Combining slope gradient map and erosion distribution map of the four scenarios in which the erosion were divided into several classes according to the range of sediment yield, using the ArcGIS 10.1 analysis tool, the average sediment yield under different slope gradient were calculated by following equation:
where k g is the slope gradient of k value, 
Results and Discussion
Performance of the GeoWEPP Model
This study aims to simulate the runoff and sediment yield for four typical land uses of the watershed and analyze the effects of slope gradient by the GeoWEPP model. Thus, the performance of the model is very important to the results of following analysis. After proper calibration, the model was evaluated for the simulation of runoff and sediment yield using the 2011 monthly measured data. The measured and simulated monthly runoff and sediment yield for validation along with 1:1 line are shown in Figures 3 and 4 , respectively. It is observed from Figure 3 that simulated runoff values are distributed uniformly along the1:1 line. While the simulated sediment yields are found to be distributed uniformly along the 1:1 line (Figure 4 ) except at two different points, of which one simulated value is higher than measured value and the other is lower. Goodness-of-fit statistics for simulation of monthly runoff and sediment yield are shown in Table 4 . The higher the coefficient of determination values of 0.98 and 0.93 respectively for runoff and sediment yield indicate a close relationship between the measured and simulated values. It is seen from Table 4 that the maximum value of runoff is slightly lower, which results in slightly lower standard deviation and mean for the simulated value, when the slightly higher maximum value results in higher standard deviation with lower total value for the simulated sediment yield. However, the means of simulation of monthly runoff and sediment yield are not significantly different at 95% confidence level ) both for runoff and sediment yield indicated that the model can be well adopted for simulation of runoff and sediment. The good performance of the model is similar to other studies. Yu et al. [27] , for example, used the model to simulate multi-scale watershed runoff and sediment production in China, and the simulation results present satisfactory performance with the relative errors of simulated values of runoff and sediment yield are below 30%, the correlation coefficients are above 0.90, and the Nash-Suttcliffe efficiency coefficients are above 0.80, Yuksel et al. [45] also found the GeoWEPP model could provide good results in predicting runoff and sediment yield from Orcan Creek watershed in Kahramanmaras region, which had simple land use distribution as our study area: the Zuoma watershed. 
Effects of Land Use and Slope Gradient on Soil Erosion
There are serious soil erosion problems in the red soil region. One of the reasons is the lack of adequate land use planning which can accelerate water soil erosion and create major environmental problems. The GeoWEPP model here was run for four scenarios with typical land use under the same soil type and climate in the Zuoma watershed. The results were shown in Table 5 . CLU presents current land use; "−" presents reduction. Table 5 depicts runoff and sediment yield varying with land use types but have the same trend. The highest predicted mean annual runoff depth (976 mm) and sediment yield rate (24.1 t·ha ). These classifications were referred to "Technical standards for comprehensive control of water and soil erosion in the red soil hilly region in southern China (SL657-2014)", in which 5 t·ha
is an appropriate boundary value for soil loss in the red soil hilly region. Figure 7 shows the interaction of land use, slope gradient and soil erosion. The slope gradient is divided into five classes, 0°-2°, 3°-6°, 7°-15°, 16°-25° and >25°, respectively which represents flat, slowly, oblique, steep and very steep slope condition. The area percentage (compared to the area of the Zuoma watershed) of each erosion degree under different slope class is graphed by histograms. It is seen from Figure 7 that the erosion degree with the highest area percentage values under forest land are tolerate erosion for slope class 1, 2 and 3 and medium erosion for slope class 4 and 5, as similar as performance showed under orchard land. While the erosion degrees of the highest area percentage values are slight, medium, destructive, destructive and destructive respectively for slope class 1 to 5 under farmland and fallow land. These results indicate that soil erosion is bound up with slope gradient, and the main erosion degree increases with the slope gradient increasing under all land use types. Based on the method as previously described, the relationships between slope gradient and soil erosion rate of different scenarios or land use types were established (Figure 8 ). From Figure 8 , it can be seen that the erosion rate increase by quadratic regression in the study watershed. In a study by Smith and Wischmeier [46] , the relationship between soil erosion and slope of the two degree polynomial was put forward using field plot measured with slope of 3%, 8%, 13% and 18% which was applied to the first edition of Universal Soil Loss Equation (USLE). Other researchers found that the soil erosion increased exponentially with increasing slope gradient [11] but the relationships were different for different slope conditions, landforms, soil types and other factors [47, 48] . According to the equations shown in Figure 8 , the soil erosion for the forest, orchard, farm land and fallow land at slope gradient of 15°, the lowest criteria slope gradient to determine whether farmland should be changed in the "Grain-to-Green" Program, is 11 t·ha respectively, which intuitively shows that the farmland at the gradient of over 15° must be returned to forest and grass as well as the fallow land, but the value of 15° as the criteria slope gradient to control soil erosion in this study area is totally unreasonable. According to the standard of soil conservation in the red soil hilly region in southern China, for soil erosion not more than the medium amount of erosion (15-40 t·ha ), the slope gradient of tolerate areas for forest, orchard, farmland and fallow land should be less than 28°, 21°, 5° and 5° respectively, which provides a simple and intuitive manner for land use planning to control soil erosion. The relationship of slope gradient and erosion under orchard land also indicates that the farmland and fallow land can not only be changed to forest but also to orchard in this study area or similar areas, which can increase economic benefits compared with forest or grass land. In addition, the equations also can be used to predict soil erosion by analyzing land use and slope gradient distributions in similar regions.
Soil Erosion and Slope Gradient
Conclusions
A soil erosion model, GeoWEPP, was used to predict runoff and sediment yield from a small watershed of red soil in southern China, and four scenarios of typical land use types were simulated by the model to evaluate the effects of land use on soil erosion. The results obtained through this study show that:
(1) The GeoWEPP model had good performance in the study area with higher accuracy in sediment yield than in runoff predictions and provided a simple method for making decisions of selecting soil conservation practices when combined with scenario analysis. (2) The order of land use by increasing sediment yield was: farm land > fallow land > orchard land > forest land, with 42.6% > 29.6% > −43.07% > −68.04% as compared to the average annual sediment yield under the current land use. It indicated that farm land was the most important element for contributing to soil erosion, even beyond fallow land. Therefore, appropriate land use planning was important for soil conservation of a watershed. (3) The soil erosion increased with increasing slope gradient under all scenarios, and quadratic equations describing the relationships were reliable for all land use. These equations could not only be used to decide the critical slope gradient of farm, fallow and orchard land turning to forest but also to predict the sediment yield of these typical land use under different slope conditions in the study area and other similar regions.
